The asymptotic bit error performance of the Alamouti scheme with transmit antenna selection is investigated for imperfect selection of antenna subset. It is shown that the transmit diversity order is equal to the largest ordinal number of the antenna within the selected antenna subset.
Introduction: Space-time codes with antenna subset selection has been a subject of intense research recently [1] [2] [3] [4] [5] [6] . In [1] and [4] , the error performance of the Alamouti scheme with transmit antenna selection was investigated and it was shown that a full diversity order can be achieved, as if all the transmit antennas were used.
In most of the published papers dealing with transmit antenna selection, it is assumed that the antenna subset which maximises the received signal-to-noise ratio (SNR), or, the best antenna subset, is selected for transmission. In practical scenarios, it is not feasible to assume that the best antenna subset can always be selected owing to channel estimation errors, feedback delay and feedback errors. Therefore, the impact of imperfect antenna subset selection on system performance should be investigated.
The first effort in determining the effect of imperfect antenna selection policy on system performance appeared in [7] for a multipleinput-multiple-output (MIMO) system with a single transmit antenna selected for uncoded transmission and receiver maximal-ratio combining at the receiver. An interesting conclusion is reached that the system diversity order is proportional to the ordinal number of the selected antenna.
In this Letter, the error performance of the Alamouti space-time block code (STBC) [8] with transmit antenna selection is investigated for imperfect antenna subset selection. It is observed that the system diversity order is proportional to the largest ordinal number of the antenna within the selected antenna subset. System and channel model: We consider a MIMO system equipped with L t transmit and L r receive antennas. The fading coefficient h i, j between transmit antenna i and receive antenna j, 1 i L t , 1 j L r , is modelled as independent samples of complex Gaussian random variables with a zero mean and the variance of 0.5 per dimension. Let
which is the instantaneous channel power gain between transmit antenna i and all the receive antennas. We rearrange the random variables C i in ascending order of magnitude and denote them by
. l is referred to as the ordinal number of the antenna associated with C (l) . At any time instant, a transmit antenna subset consisting of two antennas, associated with C (n) and C (m) , 1 m < n L t , is selected among L t transmit antennas for the transmission of the Alamouti scheme with binaryphase shift keying (BPSK) modulation. Such a subset comprises one antenna with ordinal number n and one with m. This system is denoted as (L t , 2; L r ) TAS=STBC with subset {n, m}.
Based on [8] , the post-processing SNR of the data stream, denoted by g b , for the Alamouti scheme with transmit antenna subset selection is given by
where E b is the average total energy per bit at the transmitter and N 0 is the one-side power spectral density of the additive white Gaussian noise (AWGN) per receive antenna.
Asymptotic bit error performance: It is shown in [9] that the asymptotic performance of wireless transmission systems over fading channels depends on the behaviour of the probability density function (PDF) of the instantaneous channel power gain, denoted by b. Assume that b-dependent instantaneous symbol error probability is given by
If the PDF p(b) can be approximated by a single polynomial term for
then at high SNRs, the average symbol error probability is given by [9] P
The post-processing SNR can be written as
and the instantaneous channel power gain b ¼ Y=2.
In a flat Rayleigh MIMO channel, C i in (1) are IID chi-squared variables with two degrees of freedom. The PDF of C i is given by [10] pðyÞ ¼ e Ày ; y ! 0 ð8Þ
and the cumulative distribution function (CDF) of C i is expressed as [10] PðyÞ ¼ 1 À e Ày ; y ! 0 ð9Þ
For (A) n ¼ 2, m ¼ 1, the two transmit antennas corresponding to C (1) and C (2) are selected. We have Y 1 ¼ C (1) and Y 0 ¼ C (2) . The joint PDF of Y 0 and Y 1 is given by [11] 
The CDF of Y is given by 
Therefore, for b ¼ Y=2, we have
A comparison between (13) and (5) reveals that a ¼ 12 and t ¼ 1. Therefore, an asymptotic order of t þ 1 ¼ 2 is achieved. From (6), we can write for the asymptotic BER as
For (B) n ¼ 3, m ¼ 1, the two transmit antennas corresponding to C (1) and C (3) are selected. We have Y 1 ¼ C (1) and Y 0 ¼ C (3) . The joint PDF of Y 0 and Y 1 is given by [11] f
ð15Þ
We have
from which we can obtain the PDF of b ¼ Y=2 as
By substituting a ¼ 12 and t ¼ 2 from (17) into (6), the asymptotic BER can be written as
which reveals a full diversity order of three. Similarly, for (C) n ¼ 3, m ¼ 2, in which C (2) and C (3) are selected for transmission, we obtain the asymptotic BER as
which also shows a full diversity order of three. The asymptotic performance of the (3, 2; 1) TAS=STBC is summarised in Table 1 . It is shown that, for a single receive antenna, the diversity order is equal to the ordinal number of the antenna with the larger order statistic within the antenna subset. (2) and
We have just presented a special case with L t ¼ 3. In general, for the BPSK (L t , 2; 1) TAS=STBC with subset {n, m}, the BER expression can be written as
The details of the derivation will be reported in other publications. For the ideal case in which the subset consists of the two antennas associated with C (L t ) and C (L tÀ1 ) , (20) reduces to (7) in [4] . Equation (20) clearly indicates that the asymptotic diversity order is n, the larger ordinal number of the antenna within the subset. The smaller ordinal number, m, only determines the SNR gain. For a fixed n, every increase by one in m brings an asymptotic SNR advantage of 3=n dB. This result indicates that, for a practical system which endeavours to achieve the best performance, the two antennas associated with C (L t ) and C (L tÀ1 ) should be selected based on the calculation at the receiver and the indexes of these two antennas should be perfectly fed back to the transmitter. For most practical systems, the feedback channel is characterised by low data rate. More emphasis should be placed on the error protection of the index of the best antenna associated with C (L t ) , which directly determines the asymptotic error performance.
Conclusion:
The asymptotic performance of the Alamouti scheme with transmit antenna selection has been investigated taking into account imperfect antenna subset selection. It is shown that the asymptotic transmit diversity order is equal to the largest ordinal number of the antenna within the selected subset.
